Objective: To assess the burden of hypoglycemia in patients with diabetes mellitus (DM) in Spain, including epidemiological data and information relating to healthcare resource utilization (HRU) and costs, and patients' quality of life (QoL). Methods: A systematic literature review (SLR) was conducted to identify studies that included original information on epidemiology, HRU and costs, and/or QoL associated with hypoglycemia in patients with DM in Spain, published in
extensively between studies, making it difficult to draw a conclusion. Total costs per SH event ranged from €409.97 in patients with T1DM to €713.10 in patients with DM. Work absence was reported in 11.80-18% of the working patients. Further, patients who experienced hypoglycemic events expressed a higher fear and had a poorer QoL than those who did not report these events. Conclusion: Although the data included in the SLR were difficult to synthesize due to heterogeneity of the study designs and patient characteristics in the 14 studies, our search identified a high burden associated with hypoglycemic events in terms of HRU and costs, and patients' QoL. Further research is recommended to reach a consensus on hypoglycemia definition and study design to provide robust evidence on the burden of hypoglycemia and to accurately weigh the impact of this acute complication in Spain.
INTRODUCTION
Diabetes mellitus (DM) is a group of metabolic disorders characterized by chronic hyperglycemia that develops because of insufficient insulin secretion, reduced responsiveness to insulin, or both [1] . The eighth edition of the International Diabetes Federation (IDF) 2017 Diabetes Atlas, a global reference report, estimates that 424.90 million (8.80%) adults were affected by DM in 2017 globally. This number is estimated to increase to 628.60 million (9.90%) by 2045 [2] . A survey was conducted in 2009-2010 with the aim to quantify the prevalence of DM in Spain [3] ; at that time it was estimated that DM affected 13.80% of the population and that these numbers would likely increase given estimated global figures [4] . In addition, global expenditure attributable to the care of DM patients has become an enormous economic burden on healthcare services, reaching US $727 billion in 2017 [2] . Projections in Spain reveal a comparable growth in upcoming years in the expenditure of the Spanish healthcare system for the care of DM patients [5] [6] [7] . Moreover, these predictions may worsen since the available estimations are usually described for patients who have been diagnosed with diabetes and do take into account the significant number of undiagnosed diabetic cases [8] . The most distressing consequence of DM appears to be its late complications. However, hypoglycemia, one of the acute complications of DM [9] , also significantly impacts disease management, patients' quality of life (QoL), and costs [8, 10] .
Insulin and a number of other glucose-lowering drugs may cause hypoglycemia. According to the recommendations of the International Hypoglycemia Study Group [11] , a hypoglycemia alert value of B 70 mg/dL (3.90 mmol/ L) is often related to symptomatic hypoglycemia and can be an considered important value for therapeutic dose adjustment of glucose-lowering drugs for patients in clinical care. Further, a blood glucose level of \ 54 mg/dL (3.00 mmol/L) is considered sufficiently low to indicate clinically significant hypoglycemia. Severe hypoglycemia (SH) is defined as severe cognitive impairment requiring assistance from another person for recovery [11] .
Symptoms attributed to hypoglycemia are categorized as neurogenic (autonomic) or neuroglycopenic [12] . Depending on its severity or duration, hypoglycemia can lead to seizure or coma, and ultimately death. Recent post hoc analyses of the ACCORD, ADVANCE and DEVOTE 3 trials, all of which examined the outcomes of intensive glycemic control, revealed a high association between SH and significantly higher rates of death [13] [14] [15] . For all of these reasons, these SH episodes are associated with considerable costs, both to the individual and to the healthcare system [16] , and they also contribute to significant reductions in QoL in patients with DM and to a fear of hypoglycemia [17] .
Despite the importance of being aware of this information for the correct management of hypoglycemia, none of the studies to date in the Spanish landscape have collected integrated data related to the burden of hypoglycemia. The aim of this systematic literature review (SLR) was to review available data in order to assess the burden of hypoglycemia in terms of its epidemiology, healthcare resource utilization (HRU), costs, and QoL in patients with DM in Spain.
METHODS
This SLR was planned, conducted, and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Two independent reviewers screened each retrieved record to identify potentially relevant articles for the full-publication review. A third senior researcher arbitrated in case of any doubt on eligibility or disagreement between the two primary reviewers.
The SLR included observational studies conducted in Spain published between January 2007 and April 2017 that involved patients with any type of diabetes and which present original information on epidemiology, costs, HRU and/ or QoL of patients with hypoglycemia. Both English and Spanish language publications were included in the search. Articles not presenting original data (such as SLR, reviews, letters to the editor, etc.), clinical trials, cost-effectiveness models, and abstracts or congress communications, and those studies that present hypoglycemia data associated with a specific drug or intervention were not included in our SLR.
Articles that reported costs were actualized to the corresponding value in euros in 2016 using the CCEMG-EPPI-Centre Cost Converter tool in order to enable meaningful comparisons between costs [18] .
A comprehensive search strategy was developed for the databases: Ovid (Embase ? MEDLINE) and MEDES (Spanish bibliographic database). The corresponding search strategies used are presented as follows:
• 
RESULTS
The search strategy identified 206 references (75 from Ovid and 131 from MEDES), of which 15 publications involving 14 studies were included in the analysis after the systematic review process (Fig. 1) .
Description of the Selected Studies in the SLR
Of the 15 publications (14 studies) included in the SLR, six studies focused exclusively on data from patients with type 2 DM (T2DM) [19] [20] [21] [22] [23] [24] and five studies reported combined data from patients with either type 1 DM (T1DM) or T2DM [25] [26] [27] [28] [29] [30] . Only two studies highlighted data exclusively for patients with T1DM [31, 32] , and one study reported neonatal hypoglycemia [33] . All of the studies collected data retrospectively employing a cross-sectional study design, with the exception of one study that used a longitudinal study design [22] . The majority of the studies reported the management of hypoglycemia events at either hospitals or a primary care setting; the exceptions were two studies that presented data from specialized care and emergency service settings [24, 29] and two studies that did not report the study settings [26] [27] [28] .
The number of patients in the studies ranged widely, from 100 in a study determining the costs of SH in patients with T1DM [31] to 5,447,725 clinical records from the basic minimum data set (BMDS) registry of the Spanish National Health System that includes general information on patients with DM [30] . The mean age of patients with T1DM ranged from 33.20 to 33.90 years, while studies reporting data for patients with T2DM included patient populations with a mean age ranging from 64 to 79.70 years. However, a wide-ranging mean age was observed in studies presenting data of patients with either T1DM or T2DM, from 39.90 to 70.20 years. The mean duration of the disease in patients with T1DM and T2DM ranged from 16.50 to 18.50 and from 8.40 to 20 years, respectively. One of the studies included in the SLR focused exclusively on neonatal hypoglycemia; the aim of this study was to determine whether an association exists between maternal pre-pregnancy body mass index category and the occurrence of neonatal hypoglycemia among infants born to women with gestational DM [33] . Table 1 presents the epidemiology data on hypoglycemia detailed in the studies selected for inclusion in this SLR (15 publications).
Epidemiology of Hypoglycemia

Type 1 Diabetes Mellitus
The average number of hypoglycemia episodes per patient was reported in three studies. Reviriego et al. recorded a mean of 2.99 SH events per patient per 2-year period, with a higher number of overall hypoglycemic episodes (54.40 events/patient/2 years) [31] . Orozco-Beltrán et al. reported an annual frequency of 0.90 events for SH and 1.70 NSH events per week, or an annual frequency of 88 NSH events [26] . Carral et al. reported a mean of 7.40 events (SH or NSH) per patient in 1 month [32] .
Type 2 Diabetes Mellitus
The frequency of hypoglycemic events was described in eight studies. An incidence of 1.82 episodes per 10,000 patients per year for SH was reported by Lindner et al. [25] . Orozco-Beltrán et al. reported an annual frequency of 0.30-0.40 events per year for SH, and 18.30-42.10 events per year for NSH [26] . Three studies described the incidence of SH as the percentage of patients who experienced an episode in 1 year, namely, 6.80% [20] , 1.90% [21] and 0.56% [23] , with the setting of the first two studies being primary care and that of the third study being the hospital.
In the study of Pérez et al., 93.20% of patients reported NSH or no hypoglycemia in a 1-year period [20] , while Depablos-Velasco et al. reported that 9.60% of patients had NSH in the previous month [21] . A small number of studies did not differentiate between SH and NSH in these patients. Durán-Alonso et al. reported that 15.70% of patients in nursing homes experienced symptomatic hypoglycemia [19] . In a 2-year study by Sicras-Mainar et al., 37.70% of patients reported at least an episode of hypoglycemia [22] , and Jó dar-Gimeno et al. reported that 45% of patients experienced hypoglycemia in the previous 6 months [24] .
Nocturnal Hypoglycemia
The epidemiologic data for nocturnal hypoglycemia were analyzed from three studies. Barranco et al. employed Public Company for Health Emergencies Service (EPES; Andalusian emergency service) data and noted that there were 2297 nocturnal SH episodes in a 1-year, which translated into 0.34 episodes per hour that required the assistance of emergency services [29] . Brod et al. explored the impact of nocturnal NSH events in similar patients who experienced an event in the past month and reported a mean of 21.60 nocturnal NSH events in 1 year [27] . In terms of nocturnal hypoglycemia according to the type of diabetes, the proportion of NSH events occurring at night was 26% in T1DM patients and 30-32% in T2DM patients recorded in the previous week [26] . [31] . These authors found that the highest costs were due to hospitalization (€204.98 per episode), representing 50% of the total costs [31] . Alonso-Morán et al. provided data on patients with T2DM [23] . These authors observed that the average overall cost per patient with T2DM was higher in a patient who had experienced one or more hypoglycemic episodes than in a patient who did not experience any such episode. The results presented by these authors were differentiated by gender and were specifically related to primary care, prescriptions, specialized care, emergencies and hospitalizations [23] . Barranco et al. recorded an estimated mean direct cost of €713.10 per episode in patients with either T1DM or T2DM. These costs increased if the hypoglycemia was nocturnal or if it required emergency hospital care or caused loss of consciousness [29] .
Severe and Non-Severe Hypoglycemia In the study by Pérez et al., a total of 6.80% of patients with T2DM required medical attention in the preceding year, of whom 0.50 and 4.60% [28] .
Quality of Life
The QoL and fear of hypoglycemia data obtained in two studies [21, 24] through the use of validated questionnaires are shown in Table 3 . The authors of these studies assessed data only from patients with T2DM who experienced both SH and NSH. In a study by Depablos-Velasco et al., patients with at least one SH or more than one NSH per month in the past year had a poorer QoL than did patients with no such events, as concluded from the results obtained from the Audit of Diabetes-Dependent QoL (ADDQoL) questionnaire [21] . No statistical significance was reached in the treatment satisfaction results obtained from the Diabetes Treatment Satisfaction Questionnaire (DTSQ). However, a significantly greater fear of hypoglycemia was observed for both groups of patients, those with at least one SH and those with one or more than one NSH per month in the past year, than for patients with no such events (results from the Hypoglycemia Fear Survey [HFS-II]) [21] . Jó darGimeno et al. showed that patients with hypoglycemia expressed a higher fear for hypoglycemia than those who did not experience hypoglycemia; the difference was statistically significant (results from HFS-II), and the overall 
DISCUSSION
This SLR provides an overview of the burden of hypoglycemia in patients with DM in Spain based on data published in the literature in the last 10 years by reporting information on the rate of hypoglycemia and on its impact on HRU and costs, and patients' QoL. The search strategy was robust and focused on collecting extensive and elaborate data. However, due to the observational nature and heterogeneity of the included studies, further high-quality prospective studies are necessary to accurately establish the burden of hypoglycemia in patients with DM in Spain.
The quality of the studies was not evaluated because the majority of articles selected in the search were observational studies, with different designs and objectives, making it difficult to use any assessment tool. This difficulty is due to the fact that most questionnaires available in the literature have been designed for assessing the quality of observational studies, having been developed mainly for comparative research between specific types of design or different intervention arms, which was not the objective of this study [34] [35] [36] .
The data collected in the search showed a wide heterogeneity, possibly due to the large variety in study design, participants' inclusion criteria, study period and strategy used to register hypoglycemia (such as percentage of the sample in a specific timeframe, rates of events per unit of time, etc.), in addition to a lack of consensus in the definition of hypoglycemia. This led to a large variation in the results that detailed the estimated burden and costs of hypoglycemia.
The data observed in our analysis seem to be comparable to the results of a recent structured literature review by Elliott et al. [37] . These authors identified hypoglycemic event rates in patients with T1DM and T2DM and categorized them according to the insulin regimen. In patients with T1DM, SH rates ranged from 0.70 Table 3 Summary of the quality of life data reported in the studies included in the systematic literature review [37] . Although these data cannot be directly compared with the results of our analysis, we did observe some degree of similarity in the numbers extracted in our search and global figures reported by Elliott et al. [37] . We postulate that standardizing the definition of hypoglycemic measures could help in the systematic collection of information, thereby enabling comparison of burden of this complication across countries [38] . Additionally, hypoglycemia has been considered to cause significant consequences that depend on the severity and duration of the episodes. Hypoglycemia has been shown to result in cardiovascular [39] and cognitive impairment, as well as falls, fall-related fractures, among other events, in certain populations, such as pediatric and elderly populations [40, 41] . Further, the cognitive impairment in these populations could worsen the development of functional cognition. On the other hand, cardiovascular impairment may worsen the morbidity associated with hypoglycemia and lead to increased mortality due to sudden death syndrome [30, 40] . Further, the importance of appropriately managing nocturnal hypoglycemia is well-known as poor management leads to increased costs and resources, fear, anxiety, poor QoL, and a number of potential clinical consequences, including convulsions and coma and even death [42] . It has been well documented that hypoglycemia may lead to emergencies and hospitalization, resulting in an increased economic burden on patients with DM. Differences in study designs, timeframe, health system setting, etc. have hampered the comparability of results between studies. We were unable to draw any meaningful comparisons in terms of hospitalization rate, direct and indirect costs in patients experiencing SH versus NSH due to the heterogeneity of the studies. However, these data are comparable with the results in the literature highlighting that the more severe the hypoglycemic events, the higher the associated costs and HRU and the worse the QoL. A recent study in Italy collected data on cases with an established diagnosis of hypoglycemia in emergency departments. The results demonstrated that SH in patients with DM contributes substantially to the economic burden on national healthcare systems [43] . Another study assessed the total annual, direct, and indirect cost of SH events in nine European countries, including Spain. This study, conducted in 2016, reported an annual total cost for single SH event of €1076.05, €209.28 and €0.46 for hospital-treated, medical professionaltreated and family-treated SH events in Spain, which in terms of the whole population affected translates into €32,339,530.58, €19,513,354.64 and €94,856.70, respectively [44] . Taking these figures into consideration, the prevention of hypoglycemia is essential in DM management programs given its impact on patients and on healthcare systems. Failure to account for these costs may underestimate management strategies that minimize hypoglycemia.
With reference to the QoL information obtained from our literature search, none of the studies reported data on patients with T1DM. Further, only two articles assessed the healthrelated QoL and treatment satisfaction in patients with T2DM. We infer that the reason for this lack of data may not be a lack of interest to measure this outcome in patients with T1DM but, rather, because we excluded studies from our SLR that presented hypoglycemia data associated with a specific drug or intervention [45] . Patients with T2DM who experienced hypoglycemia had a poorer QoL versus patients with no such events. Further, patients with hypoglycemia expressed a higher fear of hypoglycemia, and the overall impact on their QoL was more negative as previously reported [38] .
In summary, our analysis of studies included in our SLR reinforces the high burden of hypoglycemia on patients with DM. However, we consider that existing data are too heterogeneous to provide any consistent understanding of hypoglycemia episodes. Further, all included studies had retrospective data, implying that the development of the evidence are faster and generally less expensive than in prospective studies. Nonetheless, these data can lead to an erroneous estimate of the real rate of hypoglycemic events due to a lack of systematic collection of events in medical records, with these events being more difficult to follow if they are NSH episodes. Another aspect to take into account is the definition of hypoglycemia in these articles, which varies across studies. The International Hypoglycemic Study Group has recently worked on the definition and classification of hypoglycemia and on the ways to attribute severity to an event. Such guidelines may help researchers to design future studies better [11] .
To conclude, this study delineates hypoglycemia as a frequent acute complication of DM that presents a high clinical, personal and socioeconomic impact, and it provides information that could be useful to improve diabetes care in Spain. However, considering the heterogeneity of the methods used in the reviewed studies, we believe that in future studies and analyses there is a need to comprehend the evolution of hypoglycemia and to determine the factors that may influence and help focus the data obtained in this SLR in terms of epidemiology, HRU and patients' wellbeing in Spain.
Medical Writing Assistance. Richi Taneja, an employee of Eli Lilly and Company, provided medical writing assistance in the preparation of this article.
Authorship. All named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this article. All take responsibility for the integrity of the work as a whole, and have given their approval for this version to be published.
Disclosures. Mercedes Nú ñez is an employee of Eli Lilly and company and has no other conflicts of interest. Silvia Díaz is an employee of Eli Lilly and company and has no other conflicts of interest. Tatiana Dilla is an employee of Eli Lilly and company and has no other conflicts of interest. Jesú s Reviriego is an employee of Eli Lilly and company and has no other conflicts of interest. Antonio Pérez has participated as a consultant for or has received lecture fees or travel reimbursement from Sanofi-Aventis, Esteve, GSK, Almirall, Novo Nordisk, Eli Lilly, MSD, Boehringer Ingelheim, Novartis, Menarini, Janssen and AstraZeneca.
Compliance with Ethics Guidelines. Ethical approval was not required since this article is based on previously conducted studies and did not involve experiments with animals or humans performed by any of the authors.
Data Availability. Data sharing is not applicable to this article as no datasets were generated or analyzed during the current study.
Open Access. This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/ by-nc/4.0/), which permits any noncommercial use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
